
Retrospective Analysis of 2015-2017 
Winter-time PM2.5 In China: 

Response to Emission Regulations and 
The Role of Meteorology

1

Dan Chen (dchen@ium.cn), Zhiquan Liu , Junmei Ban, 
Pusheng Zhao, and Min Chen

Institute of Urban Meteorology, China Meteorological Administration, Beijing, China

National Center for Atmospheric Research, Boulder, CO, 80301, USA



China applied strict pollution control strategies 
since 2010, especially for power and industry sectors

(Zheng et al. ACP, 2017)

China’s clean air policies implemented during 2010-2017

Stricter 
temporary 

control 
measurements

Pollution EventsRegular Periods 



National total emission changes compared to 2010
from “Bottom-up” EI

(Zheng et al. ACP, 2017)

“Bottom-up” EI show significantly decreases 
since 2010 for most pollutants



Pollution control strategies are the main driver 
of recent emission decreases 

Drivers of emission changes for different emission species

(Zheng et al. ACP, 2017)Activity growth  Pollution Control       
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Jan. 2015 Jan. 2016 Jan. 2017

(Unit: µg m-3, http://www.cnemc.cn >1600 sites�

Why ?
Control measurements not executed? -> uncertainties in EI
The role of meteorology v.s. emission changes?

Winter-time PM2.5 still fluctuate in North China 
Plain 

http://www.cnemc.cn/


Initial 
Condition

Emission 
Inventory

Model v.s. 
Observation 
Differences

Observation
Constrain

DA

Air 
Quality 
Model

C1 �Simulated Conc.�
=

C0�Initial Condition�+ 

E�Emission input� + 
T�Meteorology� + 

C�Chemistry�-
D�Scavenging�

Limitations of air quality model 

How to make use of DA
Technique?
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Goals of this study

Technique
• Update of GSI-WRF/Chem 3D-Var for heavily polluted region

Science Purposes
• Reproduce 2015-2016-2017 winter-time PM2.5
• Separate the roles of meteorology and emission



2.1 GSI-WRF/Chem Aerosol DA system-
basic framework

Background 
Error

Model. VS. 
OBS 
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Horizontal Length-scale
Vertical Length scale

!"2.5 = '
()*+,

-
BC+OC+SO4+NO3+

Na+Cl+OIN+NH4

> 1600 sites from
http://www.cnemc.cn



!"#2.5 =([*+_- + /+_- + 0/4_- + 2/3_- + 244_- + +5_- + 26_- + /72_-]
3

-=1
 

!"#2.5 = P + *1 + 0.286*2 + 1.8(01 + 02) + 21 + 22 + 31 + 0.94232 + 1.3758 

13 species (dust, sea-salt etc.)

32 species (secondary species included )

GOCART

MOSAIC

SO2/NO2
Heterogeneous 
reactions in high 
RH cases

(Chen et al. 2016)

2.1 GSI-WRF/Chem Aerosol DA system-
update for application in China

OBS Original New 



Simulation period: Dec. 20- Jan.31 of 2015, 2016 and 2017

MET IC/BC: GFS analysis every 6-hr

EI: MEIC_2010 (keep the same)

Scenarios: 
NO_DA  (WRF-Chem run with 2010 EI) 
CONC_DA (GSI hourly DA)

Assimilated Obs.:  hourly surface PM2.5 

BE:  NMC method
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2.2 Experiments Design
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2.3 Verification 
2015                  2016                   2017

OBS.

NO_DA

CONC_DA

Inter-annual 
changes
New source 
regions 

a. NCP
b. NEC

c. EGT
d. XJ
e. FWP

f. SB
g. CC
h. YRD
i. PRD



2015                                          2016                                        2017 

2.3 Verification-surface observation 

NO_DA        MEAN BIAS�STDV�RMS increases from 2015-2017 
CONC_DA   Improved and much stable

BIAS

STDV

RMS



BIAS/RMSE 
correction

CORR 
improvement

Northern v.s. 
Southern 
Differences 
uncertainties 
in EI spatial 
allocation 

Jan. 2015

NO_DA

CONC_DA

2.3 Verification-surface observation 

BIAS RMSE                         CORR 



3.1 Separate the roles of meteorology 
and emission – methodology 

Scattered 
Observation

Control 
Simulations

Conc. diff=
MET+EMIS

Conc. diff=
MET

EMIS

CONC_DA_2016 – CONC_DA_2015

NO_DA_2016 – NO_DA_2015
(Same EMIS but different MET)



OBS. 

2016-2015        2017-2016            2017-2015   

Assimilated 
inter-annual 
differences

3.2 Separate the roles of meteorology 
and emission  



2016-2015        2017-2016            2017-2015   

MET roles 
from NO_DA

EMIS roles 
Calculated

3.2 Separate the roles of meteorology 
and emission  



Regional results (µg m-3 )

Ø MET played different roles from 2016-2017
Ø For 2017, although surface observation increase, the emission control 
strategies are still archived.
Ø New emissions in western China should be noted. 

3.2 Separate the roles of meteorology 
and emission  



OBS.

2016-2015                    2017-2016            2017-2015   

A. NO_DA simulations (MET, EMIS)
B. CONC_DA (DA performances)
C.  Aerosol-Meteorology feedback

3.2 Separate the roles of meteorology 
and emission  -uncertainties 

Assimilated 
inter-annual 
differences



4 Summary

• The observations and the reanalysis data from assimilation 
experiment were used to investigate the year-to-year changes. 

• The important roles of emission and meteorology in driving 
the changes in the three years can be distinguished and 
analyzed quantitatively. 

• The uncertainties from three aspects, including the 
inaccurate emission assumption in the control scenario, the 
DA performance and the ignorance of other processes.
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